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Toxicogenomics is the study of the response 
of a genome to environmental stressors and 
toxicants.

- Combines genetics, genomic-scale mRNA 
expression (transcriptomics), cell and tissue-
wide protein expression (proteomics), 
metabolite profiling (metabonomics), and 
bioinformatics with conventional toxicology in an 
effort to understand the role of gene-
environment interactions in disease.

Toxicogenomics Defined



Systems Biology: a complete description of how 
the components of a biological system work together

Describe a system

Measure changes globally 

Perturb 
a 

system

Develop a 
better 

model of 
the system

Ideker, Galitski, & Hood (2001) A new approach to decoding life: systems 
biology. Ann Rev Genomics Hum Genet 2: 343-372.

Waters, et al. (2003) Systems toxicology and the Chemical Effects in Biological 
Systems (CEBS) knowledge base. Environ Health Perspectives 111: 811-824.

Systems Toxicology: a complete description of 
the toxicological interactions within a system



- The CEBS knowledge base aims to be a 
dynamic system for integrating large volumes of 
disparate information in a framework that serves 
as a continually changing heuristic engine. 

- CEBS will evolve both in content and capabilities
to become a “system of predictive toxicology.”

A Knowledge Base Defined
A knowledge base uses data and information to 
carry out tasks that create new information and 
new understanding.



Toxicogenomics Objectives

Compare toxicogenomic effects of chemicals/ 
stressors across species

- Yielding signatures of altered gene/protein expression

“Phenotypically anchor” these changes with 
conventional toxicology data

- Classifying effects as well as disease phenotypes

Delineate global changes as adaptive, pharmacologic 
or toxic outcomes

- Defining biomarkers, sequence of key events, 
modes/mechanisms of action

Why do we need CEBS?



← CEBS Refererence Anchors →

Two Hallmarks of CEBS
Sequence Anchoring: 
Probes are anchored in 
genomic sequence 
(chromosome 
coordinates)
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Phenotypic anchoring:
Toxicological effects 
(expression profiles) are 
anchored in phenotype using 
controlled vocabulary.
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Bioinformatics & Interpretive Challenges
Opportunities in building a Knowledge Base

Gene/protein categories (Functional characterization)

Chemical treatment (SAR)

Multiple genes/proteins (Annotation)

Pathways and processes (Sequential events)

Networks and systems (Integrated responses)

Toxicology/pathology  (Adverse effects)



• Capture, store and analyze gene expression data produced 
from toxicogenomic experiments in different laboratories

• Interrogate gene expression data using queries from genomic, 
experimental and toxicological domains

• Gain knowledge of relationships between gene expression 
changes and toxicological endpoints

Main Challenge
• Provide internally consistent data, and allow comparability 

among many toxicogenomic experiments – standards are 
essential

Immediate Objective
Establish a Database to:



Toward Public Data Exchange

complex observations

simple observations

subject factors

meta-experiment

TDMS and
ClinChem DBs

Tox/ArrayExpress

Data Off-load
(flat files)

SEND will ultimately 
replace current FDA 

guidance on submitting 
electronic data to the 

Agency

SEND guidelines
version 1.5    4/14/04

Pharmaco-
genomic Data
Standards

HL7/CDISC/IC3

Array Track
version 2.02

NCTR

CEBS



Online at NIEHS on 18 August 200318 August 2003



Summary of Differentially Expressed GenesSummary of Differentially Expressed Genes

Visualization on Visualization on BioCartaBioCarta PathwaysPathways

Data Processing OptionsData Processing Options

Data Viewer OptionsData Viewer Options

Visualization on KEGG PathwaysVisualization on KEGG Pathways

Annotation for Selected Expressed GenesAnnotation for Selected Expressed Genes



Now Gaining Content for CEBS
Intramural and Extramural Partnerships

NIEHS Microarray and 
Proteomics Groups 

Tox/Path Team

Toxicogenomics
Research Consortium 
DU, MIT, OHSU, UNC, FHCC-UWA & 

NIEHS Microarray Group

External Partnerships       
EBI, NCICB, ILSI, BIPI, 

EPA, Paradigm Genetics

Resource Contracts
SAIC and Paradigm Genetics

Chemical Effects in Biological Systems (CEBS) 
Knowledge Base

Data SharingData Sharing 

National Toxicology Program



NCT- EPA Collaborations 
(CEBS)

• Metabonomics Center of Excellence with NERL.

• SAR Interface with DSSTox, Research in Toxicogenomics, 
Computational Toxicology with NHEERL.

• Toxicogenomics Applications in Risk Assessment with NCEA. 

The Environmental Science Portal
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Conclusions
• Toxicogenomics will change the way toxicology 

is performed.

• Toxicogenomics will contribute new methods, 
new data, and new interpretation to 
environmental toxicology.

• CEBS will be a key component in toxicological 
interpretation – linking transcriptomics, 
proteomics, metabonomics, and toxicology to 
generate new knowledge.
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